Background: Structured quality management is an important aspect for improving patient dental care outcomes, but reliable evidence to validate effects is lacking. We aimed to examine the effectiveness of a quality management program in primary dental care settings in Germany. Methods: This was an exploratory study with a before-after-design. 45 dental care practices that had completed the European Practice Assessment (EPA) accreditation scheme twice (intervention group) were selected for the study. The mean interval between the before and after assessment was 36 months. The comparison group comprised of 56 dental practices that had undergone their first assessment simultaneously with follow-up assessment in the intervention group. Aggregated scores for five EPA domains: 'infrastructure' , 'information' , 'finance' , 'quality and safety' and 'people' were calculated. Results: In the intervention group, small non-significant improvements were found in the EPA domains. At follow-up, the intervention group had higher scores on EPA domains as compared with the comparison group (range of differences was 4.2 to 10.8 across domains). These differences were all significant in regression analyses, which controlled for relevant dental practice characteristics. Conclusions: Dental care practices that implemented a quality management program had better organizational quality in contrast to a comparison group. This may reflect both improvements in the intervention group and a selection effect of dental practices volunteering for the first round of EPA practice assessment.
Background
Improving the quality of healthcare is a high priority in Western health care systems [1] driven by factors such as reducing adverse events, optimizing efficiency, and enhancing patient satisfaction [2] . An excellent definition of quality in healthcare is given by Mills & Batchelor [3] . In essence, however, quality of care can been defined and evaluated in terms of structure, process and outcomes [4] . Whilst the presence of specific organizational structures does not necessarily result in better clinical processes and outcomes, organizational aspects are certainly enablers of higher performance [4, 5] . Little is known about how to improve quality of organizational aspects of primary sector dental care. The majority of literature and the evidence base for defining and measuring quality in primary care come from general medical practice and not from oral health care settings [6] . However, assessing and monitoring the quality of dental care play an important role in quality assurance and quality improvement [7] .
In most health care systems, a variety of quality improvement initiatives have been implemented to enhance both health care management broadly speaking and dental health care specifically speaking [3, [7] [8] [9] [10] . For instance, in the United Kingdom quality indicators were developed for the new National Health Service (NHS) dental contract which targets measuring the quality of patient care as well as performance [3] . In 2005, in Scotland, the "Action Plan for Improving Oral Health and Modernising NHS Dental Services" was announced [11] . Since 1997, in the United States, an assessment instrument developed and initiated by MetLife has been implemented for dental care providers [12] . Particularly countries such as the United Kingdom, the United States and Canada have shown expertise in development and implementation of quality management systems. Quality management means quality assurance: the systematic measurement and monitoring of process, structure and outcome of care and results in a continuous improvement process. For example, the plan-do-study-act cycle, to ensure quality of care [9, 13] . In 2006, the German government stipulated that general dental practitioners should implement a system of annual assessment of quality management, in the same way that general medical practices are expected to do [14] . Although, to date, there are no formal sanctions, so participation remains voluntary. The result has been that different quality management systems have become available for health care providers in primary care settings [15] . These different quality management systems measure structure and process of care as well as non-clinical outcomes of patients.
However, while such quality management programs are available for dental care, evidence on their impact and effectiveness is sparse [6] , with some exceptions [15, 16] . There is an urgent need for validated quality assessment tools for dental care [7] . The European Practice Assessment is a comprehensive, integrative and multifaceted tool for quality assessment and quality improvement in health care in terms of quality management. It is based on quality indicators developed for use in primary medical care settings to evaluate the structure and process of care [17] . The European Practice Assessment tool has shown effectiveness in improving the management of general medical practices [18, 19] . The current study focuses on the implementation and repeated measurement of European Practice Assessment tool in primary dental care settings and examined whether improvements occurred in dental care practice that completed the European Practice Assessment twice compared with dental care practices that completed the European Practice Assessment once.
Methods

European practice assessment
In 2004, the European Practice Assessment was developed for general medical care and already in 2005, the content as well the process was adapted for general dental care settings [17, 19, 20] . An expert group consisting of dentists and employees of the Institute for Applied Quality Improvement and Research in Health Care (AQUA-Institute) adapted and piloted the European Practice Assessment for dental care practices. In both cases, the European Practice Assessment consists of a set of validated quality indicators for external and internal assessment including a patient survey of satisfaction with care and a staff job satisfaction survey, an outreach visit by a trained external facilitator, structured feedback, a team-meeting in the practice and formal accreditation by an external organization [17] . These different indicators are framed within five key conceptual domains: "infrastructure", "information", "finance", "quality and safety" and "people". Some indicators for dental care practices are different to those for general medical care. The domain "infrastructure" was expanded by dimensions 'material management' and 'laboratory management'; the domain "quality and safety" by dimensions 'safety of staff and patients, hygiene, infection control' and 'provisions for emergency situations'; and the domain "information" by dimensions 'communication with other health care providers' and 'information for patients on practice, practice policy and community resources'. Detailed information about the European Practice Assessment for dental care settings on a website is under construction.
After the implementation of European Practice Assessment in either a general medical care practice or a dental care practice, feedback is given by the trained facilitator using software called Visotool, which shows the results of the assessment. An anonymous comparison between a practice's score and all other practices that have undertaken the assessment is available, which serves as a catalyst for quality improvement and for benchmarking. The application of the European Practice Assessment is coordinated by the AQUA-Institute based in Goettingen, Germany [21] .
Design and participants
The study conforms to the STROBE-Guidelines. A beforeafter study design was used with an intervention group and a comparison group of dental care practices. We included dental care practices in Germany that had completed the European Practice Assessment as part of a quality management program. For the intervention group, we identified all 45 dental care practices which had completed the European Practice Assessment twice, with their first assessment between April 2005 and December 2008 and their second assessment between April 2008 and January 2012. The interval between first and second assessment was around 36 months. During the period between April 2008 and May 2011 when the intervention practices were undergoing their second assessment, 57 dental care practices were undergoing their first assessment with the European Practice Assessment program but none had yet had a second assessment. These were called upon as our comparison group. One dental care practice was integrated into a general medical care centre and was excluded from the analysis. Therefore, 56 practices in total were included in the comparison group. Figure 1 shows the distribution of dental care practices to intervention and comparison groups respectively.
Statistical analysis
The analyses were performed using SPSS version 20.0 (SPSS Inc., IBM). Continuous data were summarized using means and standard deviations. Categorical data were presented as frequency counts and percentages. The practice characteristics of the intervention and comparison groups were compared using Students t-test for continuous data and Chi 2 test for categorical data. Z scores were used to compare the overall mean score across all domains and dimensions of the European Practice Assessment instrument, in the intervention (second assessment) and comparison groups. Z scores were used to normalize raw scores [18, 22] . The mean scores of all domains and dimensions were based on the proportion of indicators for which a positive response was achieved by all of the practices, on a scale of 0 to 100. The 95% confidence intervals were calculated for the differences in scores between the first and second assessment and for the differences between the second assessment and the comparison group. Furthermore, linear regression analyses were performed with aggregated scores on each of the five domains as dependent outcomes; practice characteristics as well as the affiliation to intervention (second assessment) or comparison group were handled as potential predictors. An alpha level of p < 0.05 was used for tests of statistical significance.
Ethics approval
Ethical approval was not required because we used secondary data available from the routine implementation of a quality management program in primary dental care sector in Germany [14] . All elements of the European Practice Assessment and the information from the trained external facilitators were anonymized for data analysis in our study. No additional information or data from patients or staff were collected.
Results
The practices included in the intervention (second assessment) and comparison groups did not differ significantly in the relevant covariates of practice characteristics (Table 1 ). 
Domains of the European practice assessment
Changes in the scores for the five domains and all dimensions for both the intervention group (first and second assessment) and comparison groups are shown in Table 2 .
We observed an improvement in quality management in the intervention group, with a change in score of 4.4 encompassing all 281 indicators within the five domains. A higher score occurred in the intervention group in all five domains, particularly in the domains "information" (T0 82.6, T1 89.0) and "quality and safety" (T0 82.4, T1 88.7), which showed an improvement over 6.0. Compared with the comparison group at first assessment, the intervention group at second assessment had significantly better scores for the domains "infrastructure" (T1 94.2, Comparison group 84.0) and "quality and safety" (T1 88.7, Comparison group 78.1). Improvements were observed in the intervention group in the dimensions "complaint management" and "communication with other health care providers". Compared with the comparison group at first assessment, the intervention group at second assessment had significantly better score in the dimensions such as "medical equipment, including drugs", "staff management", "prevention" and "complaint management".
Elements associated with each domain of the European practice assessment Table 3 shows the results of the regression analyses separated for each of the five domains regarding practice characteristics and affiliation to intervention or comparison group. The five regression models explained between 6.4% and 27.2% of the variance respectively. The only independent variable that showed a significant association with each domain was intervention versus comparison group affiliation with the intervention group demonstrating higher scores in each domain.
Discussion
To our knowledge, this is the first study that has evaluated and demonstrated quality improvement in primary dental care practices in Germany. In this study, a repeated measurement was used to evaluate the effect of the assessment process using the European Practice Assessment quality management program. The intervention and comparison group practices did not differ remarkably in comparison to general medical practice characteristics. Furthermore, the baseline data and the first assessment of the intervention group showed higher scores than in the comparison group within the five key domains ('infrastructure', 'people', 'information', 'finance', and 'quality and safety'). The comparison of the results of the second assessments in intervention practices with the baseline assessments in comparison group practices showed improvements across all domains, but especially within the domains of 'quality and safety' and 'infrastructure'.
Quality improvement depends on a set of valid and feasible quality indicators that are able to measure quality of care [23] . "Indicators are measurable elements of practice for which there is evidence or consensus that they reflect quality and hence help change the quality of care provided" [23, 24] . The implementation of a quality management system in practices can be facilitated by the use of quality indicators. Quality indicators should yield positive assessment on a range of attributes such as clarity, feasibility, reliability, validity and transparency and in order to demonstrate sensitivity to change, benchmarking data are required so that health care providers can assess and compare their own quality of care with others [23, 25] . Moreover, for assessment to lead to improvement it must be part of an ongoing process such as the "plan-do-study-act" (PDSA) cycle [26] . A continuous quality improvement is an essential part of quality management programs for health care services, which includes general medical practices and dental care practices in the primary sector [18] .
The evaluation of quality of care requires a mixture of objective and subjective measures [27] . The European Practice Assessment consists of a set of objective and subjective quality indicators, which evaluate the structure and process of care from the perspective of practice owners, staff, patients and trained external facilitators [17] . For general medical practices, the effectiveness of the European Practice Assessment in showing higher scores at repeat assessment has already been shown [18, 20] . These results regarding general medical practice are comparable to our results regarding the improvement for each domain at dental care practices [18, 20] . The improvement of dimensions and domains in dental care practices follows a similar trend to that of the improvement in general medical practices.
There are different quality improvement activities being initiated in oral health services worldwide ranging from measurements of the process of technical restoration procedures to examination of long term health outcomes for the population [9] . Within this range, one important component is the measurement of dental care practice operations including structure, process and outcomes [9] . However, a systematic and organized agenda for quality improvement in dentistry is still in its fledgling stage [7] . The results of this study suggest that the European Practice Assessment provides a much needed mechanism for assessing quality in dental care practices and improving quality and safety [28] .
Overall, reliable evidence regarding effectiveness of quality management programs in any field of healthcare is limited [29, 30] . Studies on the effectiveness of quality management programs for dental care practices can Mean scores are on a scale of 0 to 100 and are based on the proportion of indicators for which a positive response was achieved by all of the practices. 2 Mean scores at first assessment. 3 Comparison between mean scores at second assessment for intervention practices and mean scores at first assessment for comparative practices since there was no second assessment for this group.
make an important contribution to the evidence base related to quality in oral health services and also to improving patient outcomes. This is important if oral health services are to stay on par with other health services in terms of quality management [7, 31] . Therefore, raising awareness regarding the development and continuous measurement of quality in dental care practices is important for dentists and oral health services policy makers. One opportunity (enabler) would be the introduction of performance-based reimbursement to incentivize good quality of care. The potential role of performancebased reimbursement for dentistry is currently under discussion in the United Kingdom and it is being piloted [3, 32] . However, performance-based reimbursement is also associated with unintended consequences [33, 34] . For example, the introduction of performance-based reimbursement in general medical care practices has shown shortterm gains, but the evidence for its effectiveness long-term is not compelling [35, 36] . Therefore, it should be implemented with caution in dental care settings [2, 37] and its implementation should only be considered within the context of a system wide quality improvement strategy [9] .
Limitations
Our study has the following limitations. The sample of participating dental care practices was small and may not have been generally representative of dental care practices in Germany. However, all practices that had used the European Practice Assessment twice were included. The allocation of practices to an intervention or a comparison group was not randomized and a baseline measurement in the comparison group was lacking. Moreover, the study design has a weakness in that the pre-post measurement was possible with the intervention group, but with only a single set of observations at a second point in time.
Although our results showed improvements in the intervention group, this may reflect a selection effect of dental practices volunteering for the first round of the European Practice Assessment. Therefore, the results of the study have to be interpreted carefully and need to be confirmed in further studies. In addition, although it is known, that a multifaceted quality management program motivates practices to change [38] , there is no reliable evidence from this study about the impact on clinical outcomes because the data presented concentrates on structure and process of care. Because this was the first study evaluating effectiveness of a quality management program in primary dental care settings in Germany, we have no experience on which to base our assessment as to how clinically relevant our results are. At this time, we have no reference standards. This study provides preliminary results as basis for further studies. The study design was explorative. Therefore, no correction for multiple tests was needed. The observed effects should be examined in further study with a larger sample.
Conclusions
In summary, implementation of quality management in dental care practices requires a paradigm shift: there cannot longer be a singular focus on technical aspects, but also it is necessary to integrate organizational aspects of service delivery and employ a team approach. Based on results from this study, this has the potential to result in better organizational quality in dental care practices. The European Practice Assessment for dental care practices provides such a quality management program, as it focuses on the improvement of structural and organizational aspects to promote high quality of care. 
